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INTRODUCTION 


The outstanding. trend in the graphite market is the fast-growing demand 
for cheaper qualities: of graphite and the declining consumption of the more 
expensive varieties.” the-mamfacture of graphite crucibles for meltiri¢ metals 
was one of the earliest applications of the mineral and for many years consti- 
tuted by far the leading source of demanc. In later years, however, ead more 
especially since the Great War, the increasing demand for high-grade steel ingots 
and castings instead of enlarging crucible sales has permanently- curtailed the 
domestic demand for crucibles because it has hastened the introduction of elec~ 
tric, oil or gas fired furnaces to replace the older types requiring pots’ to. 
hold the metal during melting. Whilé there has been a substantial increase in 
the use of graphite for miscellaneous refractories the total consumption for such 
purposes is too small to offset the shrinkage in demand for crucible making, and 
though it consumes the better and hence more expensive graces of crystalline. 
flake graphite, it does not ‘call so insistently for the still Sanne sr 
grades. _ | 


1 ~ The Bureau of Mines will welcome revrinting of this article bat ree 
that the following footnote acknowledgment.be made: "Printed by permission - 
of the Director, U. S. Bureau of Mines. (Not. subject to copyright)" — 

2~ Assistant to chief, economics branch, Ue Se Bureau of Mines... 
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CONSUMPTION OF GRAPHITE BY VARIOUS INDUSTRIES 


The relative importance of the various outlets:.for both natural and 
artificial graphite is indicated by the results of the canvass. made by the U. §. 
Tariff Commission of actual. sales to ultimate Consumers. in the years 1923 and 
1924. These figures fail -to reveal the ‘large quantities of graphite consumed in 
dry batteries, and probably there have been subsequent.-miner: changes “in the © 
standing of the various consuming industries; but nevertheless these data are by 
far the most complete that have ever been made available. In fact, it is the 
first attempt to make a census of all consumers. Previous estimates have all 
represented merely guesses made by .individual’ persons, - -and ‘since much secrecy 
surrounds the operations of sdme members of the industry, such guesses may be 
far from accurate. The data obtained by the TariffCommission, on the other 
hand, covered a7 of the 30 known re of A het products. The seats 


a a eed 


canvass. ...... ; 7 7 
Satine, seiidaniieas the’ figures for the unten period: it’ is. ‘of. interest 

to compare. the. aminaees:d of ‘the Satie en industries:in each | of the two 

years sepeenielys: ic nh Serer oa. 


re a i 


Lae 7) a « 
Be cet, Ae a aha a Se ee el OP 


le Facings «ss 6 6 6 ee ewe 
2., Pigments and paints . - eee 18. 
3. Crucibles (steel and braee) . eee. 13. 
4.: Pencils and crayons.. Lee cee 5 
5. Commtator brushes. - (ee 0.8 8 De 
6. Stove polish. ..% . oes v2, 1.5 
7+ Lubricants.3/ . . . 6 se we 1s 
8. Miscellaneous .. . Soe ow: Fig 
fae 100.0 


The indicated “consumption for 1924 was: 32, 305 — tons as compared with 
39,581 tons in the previous year, .showing a reduction of 18 per cent. As com- 
pared with other consuming industries, the industries mamfacturing foundry 
facings and paints seem to be more stable. In any event these industries 
accounted for a larger percentage of the total consumption in the later year 
when general business was moderately depressed. In other words, the reduction 
in consumption in the manufacture of these articles was less than it was in 
other consuming industries. a 


The average for the two-year. ‘period. probably furnishes a better idea of 7 
the normal rank of the different outlets. 


3 ~- Lubricants, bearings, bushings, and dashpots combined consumed 3.2 per cent 
of the total in 1923 and 2.6 per cent in 1924. 
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Suan sreine = 2 fing of gra phite consumed in the mamfacture of _ 
ris. Various articles de . ee 
| (uo average for. tie. dnynacs teeknd WBE ws tao ko Bn Ue. 
"Se atiae Commission. ) 


: eee She as Gents Total 
Us@ cere ge _ Total per |tons, . 

r eo bi Vvalue pound! per 

| cant 


‘Form of graphite 
used 


. Amorph. and dust. 


14,279 ate B09, 37a 


Foundry facings eve ee ¢ eeceseee 


2.8 3927 
Pigments, paints...........| 5,065] 284,265; 2.8 | 14.1 |dmorph. and cryst. 
BYASS “CYUCTOLES 4g 2.5. oie oe v0 of: 3,122 346.709 506 | . 8-7 } Crystalline. . 
Pencils, GPAYODG se y.0 we ce cee el By 19Q;. 112,365] 2e6 ; 6el1 ‘ Amorphe | and. artif. 
Commitator .Pryehds.:....6.6+). 2,090 .. 106,263] 2.5 |. 5.8 jArtif. and..amorph. 
Steel crucibless+.+i-4.-+++| 1,073). 166,318]: 7.7 |. 3.0. | Crystalline, 
Stove polighses.svs.ileeeee] 5831 ° 32,181, 208 1.6 |Amorphous. .°. 
LUDFicantS..ceeceersoccccee| © 45]}- .-121,064/13.4 | 1.3 | ALL. ; e. 
Bearings, bushings...-.<..-| 365) — 100,492/13.8 |: 1.0 |No data. . 
ROtCOLe ssi vsessacsuwseccis| ./S18 26,380| 42 9 |Crystalline. 
Shot and powder polish.. : LOO}... 5,700! 2.9} . e& j|Amorph. and dust. 
Packingss csaccecdecceccaces 97]. 6, 365] Be3 |. e3 |Amorph. and cryst. 
Ladle stoppers. ee 95 9,766; 5.1). 3 |Crystalline... . 
Roofing dust..-..ccesoceccet 87 5,038} 209 | «2 |Amorphe and artif. 
Dry vdatteries a/.- stig te tated coos] = B87] - 5, 1038! eo9-| .« o&.; Amorphous. 3 
Boiler ieailehiieie sc ease apea - B85. - 8 926 f-. 5e2 | 2 | Crystalline. 
Dashpots, plungers.......e0- + 68] - .' 4,586) 364 ez |No data... 
Electrotype. dust......csceel. beep 6,111): 645. el jAmorph. and artif. 
Electrodes b/............ safe 88 2,122]. 208 | 1 |Amorphous... 
Finished Prodan nas] Oy BAD] By 2,159,061] 3.6 |: 84.1.) Various. ° 
Semifinished(not specified 5. 703 384. 377! 3c4 | 1569 |No data. 
‘Total «+ 0006+ 00] 35,943} 2,543, 438] 3.5 100.0 | Various. 


a Obviously “Incomplete because. ine. chief consumption in 
ficial and, in addition, at least two thousand tons of Texas flake are 


anmally ‘consumed in the mamofacture. of dry batteries. 


this field is of arti-~ 


b/ No data are. iia sail on the ae ew of artificial or used. ‘for 


' electrodes. 


f 


Facing 


5 . 


Foundry facings: are employed to give the surface of molding sands a 


_ it possibleto-obtain a better surface. 
.. SLippery,.-it. meets these requirements admirably. 


meee. skin, and to enable ‘the castings to be. removed freely on cooling. In 
addition toa.preventing » the sand from. sticking to the casting, the facings make . 
As. graphite is highly refractory and... 
Occasionally the cheapest, . 

grades of. graphite are mixed with molding sand itself, but except perhaps in. | 
certain ‘parts of Europe the amount. so used jis trifling. In lieu of. graphite, | . 
other forms of carbon, such as charcoal, coke, coal and gas retort carbon, may 
be employed; talc, either alone or mixed with graphite, is another substitute, 
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as are also. silica, carborundum and.a few other materials. . The. facings. contain- 
ing graphite or other carbonaceous matter are: commonly called "blackings" to © 
distinguish them from "mineral facings" which contain such materials as talc, 

and silica... Except. for the universal requirement of extreme fineness, the prepa- 
ration of facings follows no generally accepted. standard; and the result is that 
there are probably at least as many formulas as there are manufacturers. Although 
the foundries almost never manufacture their own facings, a considerable number — 
of foundry supply firms have suitable grinding and mixing equipment. The seven 
largest facing mamfacturers furnish less than one-half the total output, of 
which the EMG AREDE comes from a basse larger maumbe r. of ene firms. , | 


“For odin sand Te foundry’ ee may . - dusted on. the — and: 
then either "slicked" with a tool or the excess may be-blown off} somet ime s | 
they -aré applied with a brush. for ‘ary : gand work.they are applied wet with a 
swab; molasses water.or some similar. ‘sticky Liquor or- clay is commonly added. 
Nearly all-facings require a Bonding agent in order to -hold.the graphite in. 
place against the’ mold because graphite. alone runs before the metal.- _ se 
proportioning of the binder, cael clays is sg dla 7 


In: addition to hints mixed with. sie ‘constituents oe ‘alciaitt fdeings; . 
the graphite. itself varies largely in purity. ‘According to some authorities a 
very -pure’ graphite’ is: desirable’ even when it is'to be diluted later with =— 
materials, but others ‘contend ‘that the ‘silice and mica -present in. Lower-grade - 
graphite may be of actual benefit, causing the graphite to cling.and to spread ° 
better over the surface of the mold. ‘A.great deal of dust containing only 40. to 
60 per cent carbon. is’ sold by refining. mills to the foundry~facing. trade; which. 
constitutes virtually the .only market.for such low-grade material. . Amorphous 
graphite ~~:Korean; Mexican, or domestic — if purchased .in.crude condition needs 
to be dried and’ crushed before Sate. the usual grinding in “tube pace: * ee 
mixing, and a a cia _ ray  & ek 

Conflicting ‘views ‘exist as to. the. future of the foundry-facing nieces. 
Some feel that ‘the larger employment of: ‘sandblast, ‘welding, and die-casting | 
equipment in foundries will make less necéssary the fine finish on the castings 
that graphite facings are designed to produce, and that this fact will cut down 
the demand for graphite for this purpose. On the other hand, the sand-used for 
cleaning castings is expensive and the number of castings is ere er 


Pigments and Paints 


Even in its thinnest flakes cecal 45 perfectly Opaque; since also it 
remains unaffected by sulplmrous gases, acids, alkalies, and various: fumes, it 
is. employed extensively in paints, more particularly in protectivé paints for" 
structural ironwork. Bridges, railroad car's,’ smoke stacks, ‘boiler fronts, - tanks, 
metal roofs, and other exposed surfaces, are ‘commonly covered with graphite paint. 
Graphite invariably must be mixed with other pigments such as iron oxide, lead.,-. 
or zinc compounds, as otherwise it terids to coagulate in the vehicle and spreads 


‘ 
e : v a 
. . 7 , : : ; . < r) . he ce | ° . ar mee 
| o-: >s ® aes ‘ ome Ce ee : i a 3 
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_ under the brush into.an excessively thin oiabiae,” Silica or some similar. 
material is also generally necessary to give the requisite tooth--both to enable 
a thicker film to be applied and to permit. repainting. Paints containing too 
large a percentage of graphite present: a'sabin-Like surface which often can not 
be repainted satisfactorily, for succeeding coats curl up and peel because they 
can not adhere to ‘the- smooth film: ‘of graphite. 


Both crys talline ‘and amorphous graphites. are used extensively in paints. 
_ Artificial graphite has also been employed by some manufacturers. Flake graphite 
.. has a, better covering power than amorphous graphite but there is no demand in 

. the paint trade for the better grades because most of the impurities naturally 
present in the cheaper grades of graphite, notably silica, actually make it more 
desirable, » for they not only give tooth but also are supposed to add permanence 
to the paint film. In Michigan and elsewhere | graphitic rock is ground directly 
into pigment, and the produat often contains. as little as 30 or perhaps only 25 
per cent of graphitic carbon. Even after being ground, graphite pigments rarely 
are worth more than 35 or 4 cents, and some kinds. of amorphous graphite pulver- 
ized to pass: through 350 mesh sell for $40 a ton 1 (1929). Anthracite :coal is 

sometimes used: in these paints. : 


Geli 


Graphite crucibles are used in.the production of malleable éaattnia, 
small iron castings, crucible steel, brass and other copper alloys, and zinc 
castings, and for. the melting of goid and silver. The crucibles are divided 
into two principal groups, (1) steel crucibles and (2) brass crucibles. Other 
metals are ordinarily melted in one or the other of these two types. ‘The 
general shape of crucibles is that ofan egg cut off flat at both ends. Steel 
crucibles are barrel-shaped except for the fact that although the bilge comes a 
little more than. halfway up they are often a trifle smaller at the top than at 
the bottom. In propottion to their height :they are generally smaller. in di- 
ameter than brass crucibles, which differ also in being larger at the top than 
at the bottom. The notation of size is purely empirical and has. been changed 
several times. Brass. crucibles are rated according to capacity, assuming ¢ 
pounds per number; thus a No. £0 crucible, which is ‘a common size, has a capacity 
_of 210 pounds of molten brass.” They vary all the way from a Noe 12 (36 pounds) 
to Noe 400 :(1,200 pounds), and there is a growing tendency to use larger 
cricibles. | Steel. crucibles are numbered differently. They are made chiefly in 
a two: sizes. A ital 30 pot holds hing 99 a and a Noe 60 about 110 pounds. 


_. ~“[ecording S Tooh (ithe Ghanist on Technology of Paints" by Me Toch. 
. | Qnd ede, New-York, 1916, pe ety an e graphite paint will cover from 1,000 
' to 1,600 square feet to the gallon. The coat looks satisfactory to the eye 
but ie too thin to last long. Although a mixture of silica and graphite 
produces good results, even it has too much spreading power. On the other 
hand, a six-year test of a linseed-oil paint containing 75 per cent ferric 
oxide and 20 per cent silica mixed with 5 per cent of 85 per cent graphite 
"proved itself to be as good a paint as can be desired for ordinary 
' - purposes." 
5 = Owing to differences in specific gravity of the various metals and alloys, a 
Noe 70 crucible will melt only 200 pounds of bronze baa will melt 250 pounds 
of silver or 350 pounds of gold. 
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A different and. larger type of graphite cruciole is the petort: used in 
the distillation of zinc in silver refineries,in the recovery. of. secondary zinc 
_ from galvanizér's dross, etc. -Such retorts are often 40 inches high. Another 
type. of crucible’ is designed to. hold the molten lead or salts used for ha @ening 
and tempering small tools, files, etc. .Still another is employed: for dipn 
brazing bicycle frames. Numerous special shapes such as those used for anneal- 
ing boxes and similar services are also made by the crucible. enemas from 
the same ingredients tuat crucibles are made of. | | 


The requisite qualities of a eood graphite crucible are esata, 
mechanical strength, good heat conduction, and long life. Refractoriness and | 
the ability to withstand many heats: involve satisfactory . resistance to chemical” 
action as ‘well-as to high temperatures. ~The graphite. in the wall of a crucible 
begins to oxidize ata. temperature somewhat under 700° Ces its rate of oxidation 
from the outside varies with the composition of the furnace gases and on Pons 
inside with the composition. of. the material being melted. ‘ 


Ordinarily” approximately. 50 per: ee of ‘the. ‘érunibie mixture is “graphite, 


the remainder being’ chiefly clay and sand or grog.’ Sométimes the percentage of 
graphite is much less. The nature of the other ingredients is obviously signi- 
ficant; the clay in particular seems t6.-c¢ontribute as much as the graphite to 
the qualities of the product. Care in manufacture and proper curing vitally 
affect the serviceability,. and ‘the. nature of the service and proper handling 
likewise entér into the final. result. ‘So ‘many factors are involved ‘that it is_ 
unwise to be: too dogmatic. about just. what doés or what does not: constitute the 
best practice in inanufacture. The exténsive Literature: that. has grown up about 
this. subject is full of conflicting - stabements out of. which may be gleaned‘only © 
the facts that good clay as.well as-good graphite mist be employed and that 
proper ‘care must be exercised throughtut all the various stages of manufacture 
including drying, storage, transportation, preheating, handling in the furnace, 
actual melting service, and cooling. between successive heats. If a suitable 
glaze can be formed on the surface’ of: the crucible, the graphite will be pro- 
tected from oxidation and thus last longer. As regards. practical performance, 
the following statement ody. Searle®: “Bive sme information On. leas ainsi 


"It :is. clearly impossible: a give any accurate anes show- ~ 
ing how many times a crucible may be used. Some men can use a - 
crucible éighty times or more for cast iron, whilst others can +. 
only ‘use’ a similar crucible half a dozen times. Similarly, in 
the melting of alloys, steel, and all other purposes for. which 
crucibles are used, the. manner in which the tongs. fit and the 
handling of the | crucible being much more important than is. 
usually iiiegined, the. secreted figures represent fair. —— 


For ‘i a crucible should serve 70 to 100 ‘dna. 
Yor bronze, See ae | about 50 times. _. 
For iron, =. =H 20 F090. Himes. 
For steel, nM te Fe & to 10 times." 


6 Searle, - A. B, Refractory caicadimacnias ‘Taeir Mamfacture and Uses: Londen, 2 


1917, "pps 304-25. 
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Other authorities estimate 60 melts for brass or copper and from 10 
to 15 heats for steel. 


Kinds of Graphite Used. Various kinds of pee have been used for 
making crucibles. Passau (Bohemian) flake was used first, and for inferior 
crucibles. a consdderable admixture of amorphous graphite is now used in central 
Europe, simply because it is cheap. Ceylon plumbago has been vniversally 
recognized as the variety best suited for crucible use. American, Canadian, 
and Madagascar flake have all been used with good success, but there is a wide 
divergence of opinion as to whether as good crucibles can he made commercially 
from 100 per cent flake graphite as from the ‘usual mixtures containing a large 
proportion of Ceylon plumbago. Flake. graphite was substituted to a large 
extent for Ceylon grades during the war, but even ‘France, where Madagascar 
flake exclusively was used in crucibles during the later years of the war, has 
slowly reverted to the use of at least a small percentage of Ceylon plumbago. 
Ceylon graphite has much greater bulk with respect. to its surface area, as the 
individual particles are mostly wedge- -shaped or rod-like, and hence it requires 
proportionately less clay as binder than, for example, the thin flakes of 
domestic graphite. It is.also said to be more néarly free from undesirable 
impurities such as mica and pyrite. On -the ‘other hand, some authorities con- 
tend that a large number of thin overlapping flakes is preferable to a smaller 
number of more or less angular fragments. Although the latter type furnishes 
a better bond, the former provides better for the slight slip and readjustment 
within the wall of the crucible as it. expands or contracts, and thereby reduces 
the liability of cracking. Moreover, these flakes, according to tests made by 
the Bureau of Mines, actually resist oxidation longer, as only the edges are 
exposed to the oxidizing influences. ? Abundant evidence .has been offered in 
support of both sides of this question, but the weight of opinion among domestic 
crucible manufacturers as shown by their purchasing policy is overwhelmingly 
against employing more than about 25 per cent flake. Most of them prefer to 
use Ceylong lump or chip. for 80 per cent or more of the total graphite admix- 
ture. ‘Formerly the. remainder. Was Pear! Ceylon, dust, but now Madagascar or 
domestic: flake is used snstead. ” 


- he ve Bleintness® uke the comparison on the basis that a dollar's 
worth of Ceylon graphite yields more crucible value than a dollar's worth of 
flake, adding that if Ceylon graphite could not be obtained, the production of 
metal would ‘not be diminished in any way, as "we could get along very well 
with flake and amorphous graphite, furnace carbon, and coke." He gives the 
following figures for the actual volume of the different kinds of graphite 
after thorougn shaking:- ; ae 


| - | Volume occupied by 100 go, CoC. 
Ceylon ; graphite oc e- oe e. i 9067 
Canadian graphite... 7 119.6 
Alabama graphite. . .. | 152. 0 


7 - Thiessen, R., "Structure of. ee in relation to crucible making: " 
J OUTe Am. Ceramic SOCe, July’ 1919, Ppe 508-542. 
8 ~ nn A. Ve, Cane chem. ere paeenee 1918, D- QOS 
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The lpsilaieaiaas for crucible graphite rarely call for much over 90 - 
per cent graphitic carbon, but the nature of the remaining 10 per cent is of 
mich importance.~ Of the ordinary impurities, mica, which is difficult to re- 
move, is one of the most common and also one cf the-most injurious; it fuses 
readily, making pin holes in the wall of the crucible. Carbonates such as 
limestone are undesirable because they decorzose when heated, leaving shrinkage 
cavities. ‘Sulphur, usually in the form of pyrite, is present in small amount 
in most: Canadian,. American, and Bavarian flake. and, to a less extent, in Ceylon 
graphite; only Madagascar flake is virtually free from it. Sulphur is decidedly 
deleterious, as it not only causes, blowholes that.may result in a porous condi- 
tion but” alsQ may contaminate he metal that is to be nelted. 


“The size of the seeing: particles that go into the crucible mixture is 
commonly from 20 to 90 mesh; the lower limit of size ‘varies in the specifica- - 
tions of different manufactures from 86-mesh (No. 8 silk botting cloth) to 125-— 
mesh (Nos 12 cloth). Most crucible manufacturers, however, further refine : 
their flake, ordinarily grinding it between, buhrstones and then screening out 
the badly broken flake and dust: This dust, since it is worth but a fraction 
of the price of good crucible graphite, is kept at a minimm, and manmfacturers 

are reluctant to buy graphite containing too great an excess of gritty impuri- 
ties that would unduly destroy the particles.of graphite. The dust could be 
disposed of profitably in the form of lubricants, paints, or other finished 
products, but the amount: produced is too..small to interest most crucible mam- 
facturers in the production of a” ‘diversified line of graphite articles. Most 
of their fines can be used in stoppers and nozzles. which are’ _ generally made in 
the same ‘factories with FEROS RRARs | 


Production Data. . Soparate statistics for the production of graphite 
crucibles are not available. ‘The Federal census reports "crucibles of all 
kinds, including glasshouse pots, made largely from fire clay and plumbago 
(graphite), but these figures cover "miscellaneous products, normally belong- 
ing to other industries, made as secondary products by establishments engaged 
primarily in the manufacture of crucibles." The value of the miscellaneous 
items was calculated to be only $75,257 in 1325, and, although there are no data 
for such items in previous years, it may be assumed that the trend of the 
industry is revealed by the following table: . 


Production of crucibles 1919 to 19209 
— from Tederal Census) ; 3 
“TI955 1903 ~ 1921 | 1919 


Number of establishments...... 11 13 on 
Wage earners (av. mumber).....! 284 . §16 848 
hi daabdel SiGe erates sitewe dest 1.476 1,647 3 2,714 
Wages....0..-.-. eee reer ts oeeee, $ 380,783 | $ 626, 678 $ 923,287 


827 288| $2, 253, 072 
$1,969,930 $5,293, 688 
421 $3,060 616 


Cost of materials. . sececcevees| $ 754,817 | $1,226,159. 

Value of products (D) vee eves en] 2 091,518 | $3,467,816 

Yalue added by manufacture.... Phy 336,701 _ | $2,241 65% $1,142,642 

(a) No data. wee -_— Se. 

(b) Does not include crucibles — as ‘secondary naneinbe’ in other establish- 
ments. 
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For 1925, the five establishments in Penns sylvania gave employment to 40 
per cent of thé wage earners, ‘consumed 56 per cent of the materials, and produced 
over 57 per cent of: the total Value of ‘the products. Of the remaining | six 
establishments, two were in New: Jersey and one each was in Connecticut, ‘Indiana, 
Mas: sachusetts, and New to sie | 


‘The above figures do aad cover the large oitput of cricibles made as ; 
secondary products “by establishments classified in‘other industries. The values 
of such crucibles do not quite follow the same trend as those made as principal 
products: 1925, $1,869,105; 1923, $809,971;.1921, $564,398; and 1919, $1,570,579. 
The difference is — slight however, to ae eee the general downward tendency. 


“Imports. Imports ‘of graphite crucibles have been’ peported, separately. 
since: the aint Bet of 1922, ‘but they have been quite | small. 3 7 


Exporta. . ‘Exports’ are of-some' “Amgértance to. the Angustry,, as American 
crucibles are ‘used ' extensively ns Canada; ‘in Mexico, and'to a lesser extent in) 
other Latin~America countries. — The extent of the export ‘businsss ‘is not known, 
however, because the figures for: graphite crucibles are: included with those of 
other crucibles. Although the unit values of the graphite crucibles are probably 
greater than those ‘of other criciblés included in the export classification, 
the range in sizes and prices of both plumbago and clay crucibles is so great 
that price’ alone does not: afford a, statistical basis for separating the figures. 
In 1927 the total exports were 558,000 crucibles valued at $108,857. Of these, 
356,822, or 64per cant: of the total mumber, were exported to Mexico. The’ value, 
of the crucibles exported to ines: however, was only $31,286 or 29 per cent 
of ‘the’ total value. | 


| Other Graphite Refractories = 


the. leciaid enisniehiis and other characteristics of graphite that 
render it desirable for crucibles also its use in a variety of other accessory 
articles used in smelting and foundry work, such as crucible covers, ‘pouring | 
nozzles, ‘crucible rests and stools, | funriel or extension tops, skimmers, phos- 
phorizers, ladle stoppers and stdpper ‘sleeves, pyrometer sleeves, furnace bricks: 
and doors, annealing boxes, and case-hardening containers. Special mixtures 
are used in the’ so~called Weraphite Plocks" employed. in flattening window glass. 
Graphite also enters into the ‘composition of certain refractory cements as a 
lubricant, making them flow more freely under the trowel. 
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Bons oo Gheopbputeof several ‘of! these’ ttens: + + notably that’ of ladle stoppers, _ 
to which, ere: used at every iron. arid ‘steel works ard at: tost. foundrie's and ‘brass *. 
 plants:~ is: large and growing: For ‘some of the articles: Ceylon: plumbago. is - 
_ ged: sparingly; if'ati all, and. fora few of: them! the’ cheaper grades of domestic 
graphite such as No. 2 flake may be employed. In general : however, the mam’ 
facture of these miscellaneous refractories is undertaken as a ‘branch, of the 
re epugecsicn and axe made. Py. eal Sarte fins and from, thie same Gra vat 


ae all! : > a he dn “etlehes . 
os a, | 
4 


= * Pomots and 0 : eens 
rie, of. ‘the eres ahd by: war’ the: best ‘mown use’ of P ‘erephite’ ig’ 40" thake 
ae a on paper. The name "graphite,"it may be noted, is derived from the Greek 
word meaning "to write." In the sixteenth century crayons were being made in 
England.from the- graphite found: in: ‘the’ Borrowdale mine. For many’ years. solid 
blocks of the natural: material were. simply cut into ‘sticks and sold as such. 
Later they were cut somewhat smaller and protected by a wooden holder, but it 
was not until. late: in.the.18th century that the: present. method: of making pencil 
'leads" from an artificial mixture of graphite and clay.was adopted. In its 
early days ownership of the Borrowdale deposit, in Cumberland constituted a 
monopoly of such importance that. after 4 time the government assumed control of 
the operation. Finally.it prohibited the export ofthis graphite except in the 
form of pencils. The mine was worked. only for a short period -—— usually six 
weeks -- each year, but.the product was ‘auctioned weekly on the London black 
lead market, selling usually for ’$0.to 40. shillings a pound and choice qualities 
brought sometimes as mich as' 140 shillings.” ‘Despite all measures for conserving 
thé supply, the richer-parts ofthe mine’ became exhausted. .Poorer portions of . 
the deposit and the great heaps of waste were then picked over and eventually 
the. lean,.rock was. ground: and: ‘washed, ‘Bus. the’ material ‘so ‘obtained. was” of Trach © 
poorer quality... Varfous scHemes wete tiried-in the effort to’ “bind together the 
small. fragments: so:as to produce a& cake that ‘could be cut ‘up in the same manner 
as the natural lumps.. Most of ‘the available | binders’ proved very ‘unsatisfactory, 
although some. wunonee followed, ‘the’ use of 3 rosin | mixed with a (Little wax or ‘allow. 


oe ‘In 1795, Conte in sane and Hardmath in Austria both began | to make © 
pencils very mutch: itn the modern way. ‘The function of the clay is not solely | 
that .of a hinder,. It acts. as a: veliicle rendering the graphite plastic fe) that 
it can, be molded readily, and it affords a means of regulating the hardness ‘and 
of maintaining uniforn.quality, doth of which were impossible with the natural 
block graphite. Except for the cheaper pencils, a mixture of graphites is" 
generally considered better even than the best single variety. The product of 
the Borrowdale mine, which was closed in 1833,: was éxceptionally suitable 
material; the mineral occurred in pipes, stringers, and nests in association 
with a dike of altered diorite intruded ‘into volcanic ash.? Some: of ‘it may 
still: remain, but. prospecting in 1878 seemed simply” to confirm the fact that 
this. famous. deposit. was economically: exhausted,’ even the “such little of the 
product as. Was: obtained was said to. have” 0010: then for as much as $10 a ‘pound. 


ha eh eel 


eet is. from Fite —— peters’ ev Wem. Ged: Surv. “Great iritein, 
; eee Ve: 1916," Pe 25, and. olor Sra aid Der ‘Graphite ,- “4910; Pe 4. — ao 
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Some 15 years after-thé. English mine ceased té.operate, similar material was 
discovered in the Savah mountains west of Irkutsk:in Siberia. This became the 
well-known Alibert: miné which suppl ied: the Faber pencil factory at Nuremburg 
with all its’ graphite*for many years. After a time; however, this mine Like- 
wise was exhais ted: or abandoned. Since. then ‘almost all pencil makers instead 
of depending wpon only ‘6ne mine have. ‘bésn using two or more entirely different 
types of graphite; and the results’ aré so satisfactory that the fancy prices 
formerly paid for the product of these two famous mines could not be obtained © 
again. a 

Crystalline graphite can not be used alone because it:slips over the 
paper, making only a faint mark; moreover it is difficult to grind it fine 
enough. However, 4-particular grade: of Ceylon graphite has been used to a 
considerable extent ‘in blends because’ it-does add smoothness. Bohemian grades 
have a reputation for’. ‘blacknéss; and sémewhat more recently the Mexican graphite 
produced by an American’ coiiipany - has" found” its ‘way’ into’ Buropean pencil mixtures 
and has been used sucééssfully: inthe United ‘States without much if any admix- 
ture of other “graphites. In addition- to ¢élér; freedom from grit, uniformity 
of grain, and: softness are. important’ qualifications for pencil graphite. Arti- 
ficial” graphite, because: it often cohtained” small-particles of carborundum, was 
for a long time unpopular with L aprsrul makers; bat: a certain one of it is now 
used for pencils. | , a 


‘Besides ocaibiaal and: * ehay oehet substances such as ‘sulphide of antimony, 

lamp’ black, or. finely divided metallic lead: may be added. Sometimes the pencil 
leads are boiled: in wax"or tallow in ordéy to toughen them or to remove grit. 
The proportions of the’ various ingredients’ vaty considerably even for pencils 
of similar quality. ‘he percentage: of. graphite is ordinarily higher. for soft 
pencils as the clay tends to make the“lead both harder and less lustrous. As 
a general rule the graphite amounts to 50 pér'cent or less of the mixture, but 
it may be considerably more; - ‘Cirkel, 10 for example, gives the following recipe 
as having been employed: aa | — 


— HT ee Peis 
Graphite. .b..ek. | 30 
Dae OLE esiee see e casts «+ O° 
oe Ol SSP pnites cee eg 
seine sabak arable i 
and for very hard drawing pencils: peas 
EARS Graphite..c.eeee 4 B60 
WES Clive. cases @ & ask 
Stibnite........ . 8 
.. Lampblack....-ce _ 2 


10 - Cirkel, F., Graphite, Its Properties, Occurrence, Refining, and Uses: 
Canada Dept. of Mines, Mines Branch, 1907, pe 263. 
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‘Proper mixing’ ‘is essentigl. Whe | ‘Slay is ‘carefully. ‘selected ; ‘and, washed | 
very: : ieee to ‘eliminate any ‘poggible érit, and the’ mixtire is. “worked and .. 
reworked ‘until it*can ‘Be ‘Looped ‘and: coiled ‘atid ‘even tied. into knots. _ The ‘dough 
then. goes’ to a hydraulic press ‘and igs “extruded through holes of the. ‘proper size. 
After being cut: to- length ‘the | leads | are packed in a ‘erucible with ‘powdered carbon 
- and burned at. & ‘definite’ temperature | (usually - 1, 500° to. 2 ,0000F. ).. - If heated. .too 

rapidly the‘leads will: warp or: ‘spring, ‘rendering ‘them useless; ‘they: can not _.., 
even be ground ‘up: dnd reburnt. °° ~ ba 


Tne whole oe = natal wperam aes is seme rtcs by. Spence as 
sail a : - 


Ae ye Oe ees es a 


ae chey is grout! ary," ‘atiorsfveated, “anid. Wetton in ‘tanks. 


a. oe, me 


eee from ‘two -WO8kS to three" month. pen x Sindee" front the’ et mill ig” ee ee 
foive then: passed 0a ‘FILLE or press: or “vacuuin ‘filter, preferably ‘the ' sake 
Jt. latter, ‘since. the: cloth’ streehs: “of thé” Porier tend to clogs. ‘The “st. 
“ic ok prodwet.-froin the filter: ts: ‘kneaded’ “by: nana to" the’ ‘required con-" a . . a 
sistency, and the‘ dough’ is fed to “hydrant 16° presses which. force it, .. 
under a pressure of 2,000 pounds per square inch, through dies of 
the diameter of the finished lead. The lead issues from the die 
J Da the! form: ofa: ‘continuois® string, “and: the aie head,’ ‘being ‘mounted _ — 
ob a téggle*joint,: the ‘string 43° coiled” as ae ‘exndes’ from the' aie | Bae ; 
* and is‘caught ina shallow metaldish. "Thée’ dish is’ ‘yemoved when oe 
' #UL1) cand the: lead is uncoiled: “by” ‘hand: and’ ‘pinched. Off into” : ca es _— 
lengths, ach equal to three “pencil ‘lengths. ‘At this’ stage; the” a ue 
Material is quite tough ‘and? ‘pliable: and can be readily” handled” ae 
“without breaking or deformation. The lengths “of lead are laid © 
. .betwéen boards and allowéd to air dry, after: which | they are’ cut 
by hand into pencil lengths and arranged in bundlés in ‘graphite © | 
crucibles or boxes. They are then placed in a kiln and baked for 
several hours at a tempezature of 1,500° to 2,000° F., after which 
they are ready to be placed in the ‘ood. casings. An intermediate 
drying may take place betore the ‘final ‘baking; and is effected in 
iron boxes in a hot air’ chamber having a temperature of about 150°F. 
"The wood casings donsist of cedar blocks, grooved to receive 
the leads, and measuring 74" x 23" x 3-3/ 16." Each block is pro-_. 
vided with six grooves and after insertion of the ‘Leads = ‘the ‘blocks 
are dipped in glue and clamped together in bundles of a dozen or 
less, and allowed to dry. Finally,’ ‘the glued blocks are cut up into 
individual pencils, which are then trinmed, -Sandpapered, painted, 
varnished, and stamped. ' : ee 


ll - eee He — Ope Cite pe 46-7. 


ears weet t . emf. oe ete toe Py . ° é, oo ore Pe Se eee 
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"To impart the necessary strength, the softer grades of 
pencils have-leads of greater diameter than the harder grades, in 
which the larger onc or clay — serves the same a adel 


The value of pencils manufactured in the United States first exceeded 
$1,000,000 in the year 1890. Although the domestic industry contimed to grow 
quite rapidly, pencils, particularly drawing pencils of the better quality, were 
imported into the United States in large quantities before the war,principally 
from Germany and Austria. When supplies from foreign sources were largely cut 
off by the outbreak of hostilities, the American industry expanded rapidly. The 
Armistice found it in very favorable condition. While the imports have recovered 
to the point where their value amounts to $600,000 to $700,000 anmally, or 
practically the same as pre-war figures, exports ‘have grown to more than three 
times the imports and domestic business has ‘increased to véry large proportions. 
The American pencil industry having outstripped that of Czechoslovakia, has now. 
become larger than that of any other country, with the possible exception of 
Germany.l2 A large part of the increased business of American pencil mamfac- 
turers, both in domestic and exvort markets, is the result of the extensive use 
of automatic magazine nem | 


With respect to raw pee the Pee ee pencil industry is ietin 
situated. Previous to 1900 it used Bavarian or Bohemian graphite and German _ 
clay, but later it began to use Mexican graphite. and, when the necessity arose, . 
domestic clay. Yor a time after the war, it derived practically all its raw | 
materials froni the. North American continent, but one or more mamifacturers have | 
since reverted to the use of Klingenbéerg clay. ‘For the better pencils cedar 
wood is preferred and even foreign manufacturers sacha their supplies of such 
wood chiefly. from the southern: — eoeset os obo 


The American pencil Asteeeee:. which is ere mainly in Tiiinois, New. 
Jersey, New York, and Pennsylvania, produces annually, according to recent. 
figures of the Federal Census, products valued at approximately $25, 000,000. A 
little more than one-half of this total represents wooden pencils and about 
$1,000,000 annually a a pencil leads for use in mechanical pencils. 


Commuitator — ames 


Carton or graphite brushes have os displaced metal brushes for 
electric generators and motors because, due to their being harder and having 
more electrical resistance, they provide a better contact and otherwise reduce | 
sparking. With metal brushes it is difficult to keep the surface of the commuta- | 
tor smooth, as it does not wear down evenly. Graphite’ is used. in most varieties 
of brushes, but it is usually mixed with other ingredients. ' Nume roud grades are 
on the market which are composed wholly of graphite and little binding material, 
but they have very limited application. . Coke, lamp black, or metal powders such 
as bronze, brass or copper are mixed with a eraphite in varying proportions. 
Metal gauze brushes filled with graphite were used formerly, but they have been 


12 ~ Huropean manufacturers, however, have regained mich of the business they 
Lost during the war when Japan and the United States were the leading 
exporters. 
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largely wenieaned by metal enaieales Drushes in which the metal enters in the 
form of powder. These various mixtures after being made up in their proper 
proportions are molded under high pressure and baked to carbonize the binder. 
Sometimes they are electroplated | and the larger ones may have a "pig tail" | 
soldered or bolted Os then.. ‘ | 


In the United States amorphous and artificial graphite are employed, 
but certain foreign brushes are Lat to contain Ceylon or flake graphite ground 
. to 100 mesh. ' | 5. Waban as 


teeaclaiiee is ‘eaaad to electrical brushes for its lubricating and conduc- 
ting properties. The ordinary: carbon brush contains very little graphite and is 
composed mainly of amorphous carbon; ‘usually petroleum coke. Ordinarily the 
brushes are. impregnated with ‘somé additional lubricant in the form of grease in 
‘order to cut-down abrasion, reduce. friction, | and créate a Little. higher contact 
resistance, thereby improving the comtutating properties. The carbon brush 
is medium hard and being moderately cheap is coénsidered a good general-purpose 
brush. Brushes containing a somewhat larger proportion of graphite and less coke 
are known as graphits-carbon brushes. Such brushes are self~lubricating and 
moderately soft, but while they have a high current—carry ing capacity, the con- 
tact drop and hence the commtating properties are not entirely satisfactory. 
This type of brush is used extensively on industrial motors, railway and mining 
motors, and on moderate speed: generators; special grades are employed for light 
service, such as for magnetos and fan motors of both direct current and universal 
types. Graphite brushes are soft and have little mechanical strength, but being 
nonabrasive they are much favored: for service requiring quiet. operation. They 
may be used in high-speed work, automobiles, lighting génerators, electric 
vehicle and battery locomotive motors, battery—charging and other low~voltage 
generators, in slip ring’ machines, and occasionally as lubricating brushes on 
electroplating generators.1+¢ Electrographitic or graphitized carbon brushes, - 
made in electric furnaces at extremely high temperatures from petroleum coke or 
other forms of amorphous carbon, are suitable for a variety of uses. Metal 
graphite brushes are used extensively in automobile starters, plating generators, 
and railroad signal motors, as well as for slip ring machines of large power. 


Stove Polish 


ieee graphite, chiefly Korean and Mexican, is used in stove polishes, 
Carbon black may be added: to improve the color, parttcularly if impure grades 
are used. Clay, rosin, soap, of asphalt may be used as a binder for the cake 
polishes; for the liquid polishes, gasoline, various oils, ammonia, or a plain 
water are used as. vehicles. bes ae cases the graphite has to be ground fine. 


13 - fab, We oe "ipplication of ee to electrical machinery: "Power, 
vole 49: No. 7,, Feb. 18, shies Pe 241. | : 
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Graphite is an excstionk: iaieiead ak een its lubricating properties 
at all temperatures and under conditions that cause oil or grease to decompose 
or lose body. It adheres readily to metal and not only fills up the pores but 
also forms a protective film which:can not be squeezed out even at high bearing 
pressures. The field for solid lubricants has increased rapidly in l&te years 
due to-the increased use of heavy machinery. While mica, talc, sulphur and other 
substances are used for similar purposes, grapnite is by far the most widely 
used and. in many cases the best solid lubricant. The total tonnage of graphite 
used in eres however, is oo small. © | — 


According ‘to Spence: 14 3 


"For ordinary lubricating purposes in loose, open bearings, 
gears, slides, etc., graphite is commonly mixed with oil or . 
grease, and there. are a.variety of such compounds on the market, 
many of them designed for work.under special conditions, such... 

as exposure to salt water, acids or alkalies, in dredges, pump 
plungers, winches, mining. machinery, -etc., or at different tem- 
peratures, where varying degrees of viscosity :are required. 


"In cylinder lubrication for steam and gas engines, com- 
pressors, etc.e, modern practice is to feed dry flake. or powdered 
graphite in addition to grease or oil. For this purpose,. : 
nume rows special lubricators have been devised. In-marine en- 
gines, the use of graphite for cylinder lubrication is . especially - 
advantageous, as by its‘use, the amount of oil finding its way 
into the condensers and boilers is. panne reduced. eae 

| "Graphite - is. whee used -in pipe joint enmweibiie: for Jubri- 

cating and sealing the threads. and flanges of steam, water, gas, 
Oil and air pipes,: and for bolts, muts,. studs, caps, boiler . . 
plugs, manhole plates of boilers, gas retort doors, metal gas- . 
Kets, etc. Such compounds replace,, and are claimed to be 
_ superior to, red or white lead. . As in the case of graphite | 
paints, superior merit is claimed for each of the three types 
of graphite -- natural flake and artificial and natural amor- 
phous -- for use in lubricating oils: and greases. 


Ok Ok Ok OR Ok Ok OF 


"Dry graphite powder is used for lubricating the actions 
and bridges of pianos and organs, and in short, any wooden or > 
other surface when the use of oil or grease might be detrimental, 
such as in textile machines. It is employed, also, in type- : 
setting machines, to give the space bands, channel plates, etc., 
a dry, smooth surface. 


14 = Spence, H. S., op. cite pp. 155-6. 
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"To minimize water friction, yacht. and launch bottoms 
are sometimes dusted with graphite after a preliminary ligh* 
coat of.varnish or shellac has béen applied, and when dry, 
are..polished with cloths or waste. The ae cee used aan this | 
a ahaa is: Iencudautnr’ bistlasaant —— a | 


ao -Varioas: iicoeeiwd self-dubricat ing ee and bushings ‘are on the ~ 
market... Some of them-are. hardwood : ‘impregnated. with a lubricating compound an 
containing graphite. ‘Another type ga: bronze “casting ‘having grooves or ‘Slots — 
filled: witha. graphite mixture 4nd ‘then baked ‘and afterwards “broached td the: 
proper size. The former are used extensively for TEsht ‘daty ‘parts - “efor staclitis 
pins in automobiles ard for loose pulleys and Tearings on light textile machinery. 
The latter are especially adapted to the requizements of tol Ley - ‘widé'L “and wind- 
mill bushings ard to other moderately heavy service in pl. aces divticult of access 
where lubrication by: orcinary méuns: might be- ‘Best ected. “Arsifriction alloys 
into which grarhite: is: ‘incorporated: MiP ing thy slit have been: ‘produced’ ‘bat do not 
seems to have.-worked: well. Practically ‘tpurte’ graphite idonsdlidated sander @ press- 
ure of 20 tons Her. sotere “inchi ig offered’ in’ raz ious ‘Forms under the’ name" of 
'morganite" ‘by. the: Morgan Crucible’-Co. ‘of ‘London, ! ‘Hn¢ldand: Beart nes: ‘machined 
from this material: ‘aré’ claimed to: be: mechanically. — and possessed” of the 
lowest possible. coseffitient:.of Friction. <<": 


Oildag, the: well'imown Lubricating compouhd;, of: the’ Acheson Graphite Co. 
is a colloidalsuspenston: in. oil ‘of deflocculated graphite suid: to be "graphite 
reduced to the molecular: Pe: the finest: hve _ Seperation” (ty a chemical 
process aaa sapere’ acid) .- Pe poe , 

The lubricating” qialities: of graphite result: in its on in 
various packings, particularly: for. stedm:enginés and pumps. Plungers made of 
graphite or graphite-impregnated metal are used in pneumatic tube service equip- 
ment in stores, in:dashpots used in electric: train equipment, in the dashpots 
of arc lamps, and.for other apparatus. of this general nature where it is necessary 
to have plungers: lubricated but. where it is not desirable’ to: use oil. Efforts 
are being made.to!market a very'pure (99+%): natural’ graphite’ for'lubricating - 
automobile engines; the. finely powdered: rene can ‘be introduced directly into 
the i atid Pwhtaase the Biccsisienuwelatcial 


“Gaphite 3 Blectrodes’ as 


The production of ‘minciosian has —— increasing rapidly with the rapid 
expansion in the use of electric furnace and électrolytic processes. HBlectrodés 
are of two principal types -- graphite and amorphous. There are two, types of 
amorphous electrodés -- petroleum ‘coke and anthracite.” The domestic production 
of all classes” was estimated by the-U. S. ‘Tariff Commission in 1921 ‘as amounting 
to $10,000,;000“or more annually. “Although a tonnage. “business, ‘the electrode 
mamsfacturing industry is. one requiring pereroe control and constant’ inspection. 


Coke paadiie are ‘ meal principally in the’ ‘manufactute of alumimm. 
Anthracite electrodes.are used principally..in the. production of- electric: steel, 
ferroalloys, calcium carbide, and similar électri¢' furnace ‘products. | 
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The graphite electrodes, used chiefly in the electrolytic industries 
(notably the mamufacture of chlorine and caustic soda) and in small and medium 
sized electric furnaces, are not made from natural graphite. ‘They are more 
properly called graphitized electrodes. Attempts to produce satisfactory elec«: 
trodes out of powdered graphite and a binder have generally failed. Tar and - - 
other binding agents have been employed, but electrodes made in this manner lack 
sufficient errengi site soon break. | 


The three ieee of electrodes differ in their properties and, therefore, 
one type can not ordinarily be substituted for another, - ‘The properties which . 
must be considered in choosing the proper electrode include’ the following: 4 
Specific gravity, mechanical strength, hardness, density, sonority, . electrical - 
ica thermal conduct ivity, the purity and the nature bai — ash ae 


Carbon decientes are made from some form of carbon mixed with Si or. 
es molded and finally baked. to drive cff volatile matter. ‘Retort carbon walk 
petroleum coke have been largely used and are still employed wherever the purity 
of the electrode is important.as in the mamfacture of aluminum which, since it 
requires a larger conswmtion per unit of product than any other large use, 
requires an electrode that will yield little or no ash but that will contaminate 
the product. For most electrical smelting where mechanical strength, electrical 
conductivity, and cheapness are more.essential than extreme purity, anthracite 
is now generally used. Graphitized electrodes are relatively pure, have good 
conductivity, and resist oxidation better than other types. They have the fur- 
ther advantage. that they can be machined. In size they range from one~sixteenth 
‘inch to 12 inches or more in diameter. 7 a 


Dry Batteries 


Graphite is mixed, with the manganese-dioxide in dry batteries to give. 
conductivity. Granulated carbon was formerly used for this purpose, but.as. 
graphite is'a much better conductor it has largely displaced amorphous forms of 
carbon for this purpose. Partly for this reason but more particularly because 
of the enormous increase in the number of dry cells produced, the dry battery 
industry, formerly an:almost insignificant factor in consumption of graphite, 
has recently become one of the leading outlets. In 1928 it appears to have ab- 
sorbed 50 to 75 per cent of its domestic output of crystalline flake, a much 
greater quantity of artificial graphite, and also a little amorphous graphite. 
For 10 years before the. war, the Census figures showed an increase in domestic 
production from less than 5 million in 1904 to over 71 million in 1914. These 
figures appear insignificant, however, in comparison with enormous advances made 
since 1920. In 1927, the mumber of dry cells (including 6=inch radio B and C, 
and flashlight batteries) reported by the Census was 718,641,735 and the value 
of the products (including certain parts and supplies) was $48, 986, 860. 


The use of amorphous seems to be on the decl ing: — displaced by . 
more expensive varieties. Yor this purpose Texas fldke seems. to.be much 
superior to Alabama flake, but it has to compete with artificial graphite which 
is said to be equally suitable. The largest producer of dry cells now controls 
the domestic production of artificial oie a Very little foreign graphite 
is used in dry cells. 
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Blectrotyving graphite is very’ finely niihewade: | is ordinarily. wae 
from either very pure amorphous dust or artificial’ graphite.: This eraphite is.. 
used in two ways. First it is dusted tpon the forms which are polished so that. 
the wax mold can be stripped clean, and then it is used once more for covering. — 
the mold, so as to form a conducting surface when immersed in the plating bath... 
In boiler compounds crystalline graphite acts as a lubricant, working its way 
into the scale. and .loos ening. it and “preventing new scale from adhering to the 
metal. Hither as a lubricant or ‘Sintoly as a filler it enters into steam and . 
engine packings, hard rubber compositions,’ ‘hentip rope, wire rope and,cable, rubber 
valve discs and washers, ‘etc. It tis “used asa dusting agent on certain kinds of 
prepared roofing to prevent sticking. © ‘The polishing of shot and. the glazing of | 
black and smokeless powder require a substantial amount of amorphous or dust 
graphite. One of the functions of thé graphite used with explosives is to act 
as a lubricant, permitting the grains ‘of explosive: to flow fréely without danger 
of spontaneous ignition. .A somewhat ‘similar. ‘use is for treating tea leaves and.. 
coffee beans. The. graphite film. is. “harmless. and it protects. sie oe from | 
moisture and sail their color and ‘general. Sorareaer 7 6 ee tee 
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“cpapurt SuBSTTTOTES ‘ reat wie coor 


oa Because of its employment in oruétbies snail for ais nate of tha. neta 
needed £ or the manufacture of. munitions, gtaphite Hag ‘been considered -an- essential 
war mineral and it fills an important place ‘in“the peacetime life of:. the, nation.. 
For almost all of its applications, except ‘in ‘crucible manufacture, substitutes - 
can be found for graphite, many of which are quite as good and almost as cheap. 
Even the use of crystalline graphite in cruciblés can be avoided by melting in 
electric furnaces, and, as has been noted elsewhere, the trend has been rapidly 
in that direction.. Crucibles themselves can” bémade with various proportions of . 
graphite or. wholly withous_ it;” also, instead of the ‘widely: preferred Ceylon. Lump, 
flakes graphite can be substituted with litte? if any detriment, and.in:Central 
Europe fairly good crucibies have ‘been fhare for centuries with. amorphous graphite. 
In general, then, .the use of a, is poicular kind of ‘gtaphite for a particular pur- 
pose is mainly a matter of- convenience and cice. ‘From’ a practical. standpoint 
this statement may appear to be too stvong, Lut thé facts are nevertheless . 
essentially alae This ‘becomes apparent if we. aaatyne the is ta uses one by 
one. a a ore _ oo | 

. Graphite dustings « can. be at. once. dismissed from. ienubiteiate tie _— : 
sMebibates such as scrap mica and tele ¢, which are both abundant: and cheap,. may; 
be. freely used. thercfor. These seme two minerals’ compete evén now with graphite 
in lubricants, and -for most lubricating purposes ordinary’ -oils.and greases can de 
used almost as well. For steam packings, use is made ‘of. asbestos,’ rubber, and . 
other materials with suitable lubricants, and for boiler compounds graphite now 
competes on terms of. practical ‘equality with a Tather large: variety of chemical 
preparations. In pigments and. paints, Lampblack gives ‘as good or better color. .: 
than graphite, and various. combinations are made up that- ae “any of the 
other useful. properties Of graphite | as & paint material. 
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Numerous other spiel besides graphite are on the — for use 
in foundry facings, now by far the largest application of graphite... With the 
possible exception of certain silica-molasses facings most of these other 
preparations have a much more limited use. Without in any way seeming to 
detract from the excellent reputation of the various graphite facings, it can 
be admitted that, if need arose, foundries could wholly dispense with the use 
of graphite without injuring the quality of their castings or very substantially 
increas ing their costs. 


For most of these uses even the ner of tne particle is not of prime 
importance. It should be remembered that much of the ‘finely. ground crystalline 
graphite such as that used in foundry facings, to take only one example, is 
essentially a by-product of the production of crystalline flake for making 
crucibles or refractories. For most of such uses natural amorphous or artifi- 
cially mamofactured graphite would serve quite as well. 


The statement has frequently been made that no satisfactory substitute 
for crystalline graphite in the manufacture of crucibles has been found. It has 
even been asserted moré specifically that Ceylon plumbago is essential to the 
effective operation of munition factories even during a war emergency when 
price is not the major consideration. The experience of Germany during the 
Great War bears upon this question. 


Normally Germany imported about 70 ver cent of its graphite supply; 
part of this amount, however, was used for producing items which - like stove 
polish, paints, and pencils -—- were not needed in such great quantities in war 
time. A shortage of graphite developed, but home production was increased by 
introducing better methods at the Bavarian mines (most of which had been opera- 
ted in a small way by lessees) and imports from Austria Hungary were maintained. 
Bavarian graphite was found suitable for making crucibles and replaced the lump 
material formerly imported from Ceylon and Siberia. One method for rendering 
the small Passau flake more refractory and thus better suited for crucible use 
was to press it into larger aggregates, similar to briquets. Arrangements were 
made for turning over all used crucibles to mamfacturers, who extracted the 
graphite so that it could be used over again; for this purpose hydrofluoric acid 
was often employed. Graphite for lubricating purposes was obtained from kish 
collected at ferro-silicon furnaces iron and steel works, and caustic soda 
plants. | 


The various measures for increasing suvplies of graphite were supple- 
mented by measures for reducing consumption. The principal savings resulted 
from the adoption of methods of melting that did not require crucibles. The 
use of crucibles was restricted to the melting of pure aluminun, pure zinc, 
silver and gald, copper and copper alloys, hard solders, and special steels. 
Numerous graphite substitutes containing 39 to 77 per cent carbon were found 
satisfactory for foundry facings and other purposes, although since many of 
them contained as much as 1 per cent sulphur, they had to be used with caution, 
In May, 1917, a laboratory was added to the Graphit-Vermittlungstelle for the 
purpose of developing economies in the use of crucibles and fostering the use 
of substitutes for graphite. This agency, originally formed under the auspices 
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of the association of German iron ‘foundries, was wewnboaliy given complete con- 
trol of all graphite distribution | and trads eas the country. : 


In the United States and the, Allied countries the shortage of graphite 
during the World War never became acute. Expansion in domestic output of both 
natural and artificial graphite more than sufficed to take care of increased 
American needs. The War. Trade Board recommended the employment of 20 per cent 
and eventually 25 per cent of domestic. flake in. the manufacture of crucibles, 
but this: was largely ‘or the purpose. of: conserving. shipping space and because 
of the length of time — for.  Shlpmente ko. be made: from Ceylon and 


Madagascar-+5 -. es | | ee a 


L5 ~ The increaséd production @ Gquring the war, it should be ahtod. was 
accomplished ney because | of. largely increased ene | 
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